I The influence of gastric emptying on the rate of absorption and peak plasma concentrations of meptazinol was studied in monkeys by comparison of the plasma concentrations of the drug achieved after intragastric and intraduodenal administration of the compound. Absorption was much more rapid and plasma concentrations were very much higher after intraduodenal than after intragastric dosage. 2 Determination of the 'normal' gastric emptying time in rats and monkeys showed that this was much longer in the monkey than in the rat. In addition, meptazinol was shown to have a pronounced retarding action on gastric emptying in the monkey, an effect which was not apparent in the rat. 3 The significance of these observations in relation to the species difference in oral potency of the drug is discussed.
Introduction
Meptazinol Im-(3-ethyl-1-methyl hexahydro-1 H azepin-3-yl)phenoll hydrochloride is a potent new analgesic agent with an apparently low addiction liability. When given subcutaneously, the compound has been shown to be equipotent with pentazocine in both the rat tail flick and mouse acetylcholine writhing tests (Goode & White, 1971 ). In the monkey leg shock test the compound was almost 2.5 times more potent than pentazocine after intramuscular administration.
Although meptazinol was shown to have good analgesic activity after parenteral dosage, it was found to be considerably less potent after oral administration. For example, in the rat tail flick test the ED50 after oral dosage was 32 mg/kg compared to 8.7 mg/kg after subcutaneous administration (Goode, unpublished) . In the monkey this difference was even more pronounced. After intramuscular injection the ED50 was 6.0 mg/kg but oral doses up to 10 times this failed to elicit a significant increase in shock threshold (Malis, unpublished) . This lower oral potency was reflected in lower plasma and tissue concentrations of the drug after oral compared with patenteral administration and was particularly marked in the monkey (Franklin & Aldridge, 1976) . However these lower drug concentrations were not due to poor absorption since in both species over 70% of the radioactivity from an oral dose of the labelled compound was recovered in the urine.
Studies on the biotransformation of the compound indicated that it was extensively metabolized to the glucuronide conjugate in both species. However, a comparison of rat and monkey hepatic glucuronyl transferase showed that the enzyme activity in monkey liver was no greater than that in the rat (Franklin, 1975) .
Closer inspection of the absorption data in the two species showed that the compound was more slowly absorbed in monkeys than in rats. This may have resulted in a flattening of the plasma concentration/time profile and in more extensive metabolism of the drug.
A major determinant of the rate of absorption of weakly basic drugs may be the rate of gastric emptying, since this determines the speed of passage of the drug to the site of absorption in the small intestine. This paper describes studies on the influence of gastric emptying on the rate of absorption of meptazinol. The consequent effect of this change in absorption rate on the magnitude of the plasma concentration is also described. 
Methods

Radiochemicals
Admninistration of meptazinol and collection of blood samnples
Monkeys were fasted overnight before drug administation but were allowed free access to water. Food was withheld for 2 h after dosage. The drug was administered orally by gastric intubation and intraduodenally by injection through a rubber septum attached to the proximal end of a duodenal cannula. In both cages the drug was given as a solution of the hydrochloride salt in isotonic saline. The dose was 25 mg/kg and the vehicle volume 5 ml/kg.
At various times up to 7 h dosage, samples (2 ml) were taken from a femoral vein and immediately transferred to heparinized containers.
Measurement of radioactivity
Radioactivity was determined by liquid scintillation counting in a Packard Tricarb spectrometer, model 3380, equipped with automatic external standardization. The method of sample preparation and the scintillants employed were the same as those previously described by Franklin & Aldridge (1976 Taking care to minimize disruption of the vasculature, one end of a small plastic cannula (Portex manometer line type 200/490/100) was inserted through a small incision made in the duodenum. This was secured by a circular purse string suture and then anchored by stitching to the lower region of the stomach. The other end of the cannula was exteriorized through the peritoneum, capped with a small rubber septum and pushed beneath a fold of skin near the animals groin. The main incision was closed and the animal allowed to recover. The implantation of the cannula did not appear to affect the animals in any obvious way. Food consumption, body weight and general behaviour seemed normal. There was no evidence of altered gastro-intestinal motility since the animals did not suffer from constipation or diarrhoea.
Measuremnent of gastric emptying
The rate of gastric emptying was determined by measurement of the disappearance of [14Cl-PEG 4000, from the stomach. The utility of this material as an unabsorbable marker to measure gastrointestinal motility was described by Miller & Schedl (1970) .
Rats. Groups of eight male rats were fasted overnight and 1 h before dosing, access to water was withdrawn. Each animal was given, by gastric intubation, 3 ml of isotonic saline containing 1 gCi 14C I-PEG 4000. Groups were killed at 10, 20 and 30 min after dosing, by injection of ethanol directly into the brain (Pfeiffer & Muller, 1967) . The abdomen of each animal was opened and the stomach clamped at either end as quickly as possible after death. The stomach was then removed and the contents were washed out with saline, and aliquots subjected to liquid scintillation counting. Since gastric emptying of a liquid appears to be a first order process the speed of emptying could be conveniently expressed in terms of a half-life, determined from a plot of logl0 dose remaining in stomach against time.
After establishing the half-life of gastric emptying under these conditions, the influence of meptazinol on the process was investigated. Thus, unlabelled meptazinol (8 mg =dose of 25 mg/kg) was added to each 3 ml portion of isotonic saline containing the After establishing the half-life gastric emptying under these conditions, the influence of meptazinol on the process was investigated. Thus, unlabelled meptazinol (75 mg dose of 25 mg/kg) was added to each 15 ml portion of isotonic saline containing the "'C I-PEG 4000 and the half-life of gastric emptying re-determined.
Results
Comnparison of plasma concentrations of meptazinol achieved after intragastric or intraduodenal dosage of the drug to monkeys
Intraduodenal dosage of meptazinol resulted in very much more rapid absorption of the drug than occurred after intragastric dosing (Table 1) . Peak plasma concentrations of the unchanged drug were achieved after only 15-30 min compared to 3.5 h after oral administration and were at least five times higher than when the same dose was given intragastrically (Table  1) . Peak plasma concentrations of free meptazinol after intraduodenal administration ranged from 300 to 470 ng/ml compared to only 9 to 67 ng/ml after the same dose was given orally. Elimination of the drug from the plasma of the intraduodenally dosed animals proceeded with a half-life of 1.18 hours. In the orally dosed animals elimination was also rapid but the plasma concentrations were too low to enable accurate calculation of the half-life.
Effect of ineptazinol on gastric emptying time in the rat and mnonkey
The half-life of gastric emptying in the rat under the conditions used in these experiments was found to be 6.29 + 1.01 min which is in close agreement with that found by Bridges, Dent & Johnson (1976) . The addition of meptazinol to the marker solution used to measure emptying rate resulted in a slight but not statistically significant effect on the half-life, increasing it to 8.08 + 1.03 (see Table 2 ). The 'normal' half-life of gastric emptying in the monkey was found to be considerably longer than in the rat, being approximately 30 minutes. This agrees well with that observed in Rhesus monkeys by Jacoby & Brodie (1967) . The addition of meptazinol to the marker solution resulted in the half-life of emptying being increased to 64 min (see Table 3 ). This difference was statistically significant (P= 0.05-0.02).
Discussion
Recently, several workers have drawn attention to the importance of gastric emptying in determining the rate of drug absorption and the consequential effect on the magnitude of the plasma concentration. Goto, Tsuzuki & Iguchi (1971) , found increased plasma levels of aminopyrine in rabbits when the drug was given in combination with barbitone. This was due to the action of barbitone reducing the inhibitory effect of aminopyrine on gastric emptying (Goto, Tsuzuki & Iguchi, 1972) . In studies with paracetamol, Heading, Nimmo, Prescott & Tothill (1973) found a good correlation between gastric emptying rate and the magnitude of the peak plasma levels of the drug in humans.
The results of the present study have implicated gastric emptying as a major determinant of the rate of absorption and magnitude of the plasma concentrations of meptazinol, since intraduodenal dosage to monkeys resulted in much more rapid absorption and higher plasma concentrations than when the drug was given intragastrically. These higher plasma concentrations were not considered to be the result of a greater chemical stability of the drug in the duodenum since the compound is known to be stable in acidic and basic environments. More probably this effect was the result of a change in the rate of absorption leading to saturation of the glucuronide conjugation mechanism. Indeed the proportion of unchanged drug to metabolites in the plasma was greater following intraduodenal dosage lending support to this hypothesis. Recently other workers have demonstrated that the glucuronide conjugation mechanism is saturable within the therapeutic dose range for a number of drugs including salicylamide and aspirin (Levy, 1971) . Furthermore, Cohen, Bakke & Davies (1974) in studying the first pass metabolism of paracetamol by the isolated perfused liver of the rat showed that the hepatic extraction ratio decreased with increasing concentration of the drug in the perfusion fluid. They suggested that gastric emptying, by controlling the concentration of drug in the portal vein, would influence the amount of first pass metabolism and presumably therefore, the peak plasma levels of the compound.
The influence of gastric emptying on the extent of the first pass effect may also explain the previously observed species difference in plasma levels of meptazinol (Franklin & Aldridge, 1976) . In the rat where plasma drug levels were much higher than in the monkey, gastric emptying was shown to be intrinsically more rapid and was not retarded by the action of the drug. This would be expected to lead to faster absorption, a prediction borne out experimentally since peak plasma levels were shown to (Franklin & Aldridge, 1976) . As a consequence of this more rapid absorption, saturation of the conjugation mechanism may well have occurred resulting in the observed higher plasma concentrations ofthe drug. The mechanism by which meptazinol retards gastric emptying in the monkey is presently unknown. Since the drug possessed no cholinolytic activity in the rat or guinea-pig, as determined by its effects on the acetylcholine-stimulated isolated ileum (Goode, unpublished) , it seems unlikely that it would do so in the monkey. However, this possibility has not been entirely excluded. It is perhaps more likely that the retarded gastric emptying was due to the local anaesthetic activity of the drug. The inhibitory action of chloroquine on gastric emptying has previously been ascribed to its local anaesthetic properties (Varga, 1966) . Although meptazinol was only weakly active in this respect (equivalent to 1/10th lignocaine in the guinea-pig weal test) the relatively high concentrations of the drug in the stomach and the intrinsically slower gastric emptying in the monkey, favouring penetration of the drug to the receptor site(s), may facilitate such an action.
These observations suggest that gastric emptying may play an important role in determining the oral potency of drugs subject to extensive first pass metabolism and that drugs which retard gastric emptying are likely to exacerbate the extent of this first pass effect. Amongst the other major analgesics, morphine and pentazocine both delay gastric emptying (Crone & Ardran, 1957; Danhof, 1967) , and both are subject to extensive first pass metabolism (Beckett, Taylor & Kourounakis, 1970; Brunk & Delle, 1974) . It is noteworthy, in this respect that these drugs too, are much less potent after oral than after parenteral administration (Beecher, Keats, Mosteller & Lasagna, 1953; Beaver, 1968 
